The panopeid mud crab Panopeus meridionalis is known to inhabit the intertidal zone of the estuarine temperate waters of the southwestern Atlantic, from Montevideo, Uruguay, to Mar del Plata, Argentina. The complete larval development of this species is described from laboratory-reared material and compared with known larvae of Panopeus.
Mud crabs of the family Panopeidae Ortmann, 1893, are common in marine intertidal and shallow subtidal habitats along the temperate and tropical coastlines of America. Panopeids were assigned to the superfamily Xanthoidea MacLeay, 1838, by Guinot (1977 Guinot ( , 1978 . Five genera and seventeen species of Panopeidae have been recorded from the warm-temperate coasts of the southwestern Atlantic Ocean from 238S to 378S (Rodríguez and Spivak, 2001) . Of these species, eight have been attributed to Panopeus: Panopeus americanus de Saussure, 1857; Panopeus austrobesus Williams, 1983 ; Panopeus bermudensis Benedict and Rathbun, 1891; Panopeus hartii Smith,1869; Panopeus margentus Williams and Boschi, 1990 ; Panopeus meridionalis Williams, 1983 ; Panopeus occidentalis de Saussure, 1857; and Panopeus rugosus A. Milne-Edwards, 1880 (Rathbun, 1930; Melo, 1996; Spivak, 1997) .
Within Panopeus, complete zoeal development has been published for the following species: Panopeus herbstii H. Milne Edwards, 1834, by Costlow and Bookhout (1961) ; P. occidentalis by Ingle (1985) ; P. bermudensis by Martin et al. (1985) ; P. austrobesus by Montú et al. (1988) ; P. americanus by Negreiros Fransozo (1986); Panopeus africanus A. Milne-Edwards, 1867, by Rodríguez and Paula (1993) ; P. rugosus by Rodrigues (1997) ; and P. margentus by Rodriguez and Spivak (2001) . Panopeus herbstii actually comprised six distinct species (see Williams, 1983 , published October 1984 , and Montú et al. (1988) suggested that the description by Costlow and Bookhout (1961) refers to P. herbstii, sensu stricto, or to Panopeus obesus Smith, 1869.
Panopeus meridionalis is the least studied species of the former ''Panopeus herbstii complex.'' It is found intertidally, under cobbles, in a few localities of Uruguay and northern Argentina characterized by brackish waters: Montevideo, Uruguay (348549S; 568159W, type locality, Williams, 1983) ; Balneario Costa Azul, Uruguay (348479S; 558159W, E. Spivak, unpublished); and Mar Chiquita, Argentina (388219S; 578389W, T. Luppi, unpublished) . Its presence in marine rocky shores of Mar del Plata, Argentina (388039S; 578339W), was also reported (Boschi et al., 1992) .
Recently, ovigerous material of Panopeus meridionalis was collected, and the larvae were reared in the laboratory. The aim of this study is to describe the morphology of P. meridionalis zoeas and megalopa and to compare them with other known descriptions of Panopeus larvae.
MATERIALS AND METHODS
Ovigerous crabs of Panopeus meridionalis were collected by the authors in Mar Chiquita coastal lagoon, Buenos Aires, Argentina, on January, 2001. One female was transported alive to the laboratory and maintained in an aquarium containing natural sea water until hatching (November 9, 2001 ). The larvae were transferred to jars of 2500 mL capacity for mass culture. Every two days, ten larvae were preserved in 4% Formalin for morphological studies. An additional individual culture was made to estimate intermolt period, and 18 newly hatched zoea I were transferred to a 25 mL flask. Both cultures were mainteined at a temperature of 208C and salinity of 23 PSU, obtained by dilution of filtered natural sea water with deionized water. Larvae were subjected to continual artificial light regime: 8/16 h (L/D). Throughout zoea I to megalopa stages, Artemia nauplii was offered as food. Chaetoceros calcitrans was added as food for zoea I and zoea II.
Larvae were dissected under an Olympus SZ40 stereomicroscope. Measurements and drawings were made using an Olympus CH30 compound microscope equipped with a camera lucida. The following measurements were made with a micrometer eyepiece (403): in zoea, carapace length (CL) from the base of the rostrum to the posterior margin, rostrodorsal length (RDL) from the tip of the rostral spine to the tip of the dorsal spine; in the megalopa, carapace length (CL) from the base of the rostrum to the posterior margin, and carapace width (CW) as the maximum width. Drawings were based on five larvae, and measurements on 10 larvae per stage. Descriptions were arranged according to the standard proposed by Pohle and Telford (1981) and Clark et al. (1998) . The aesthetascs of antennula and the setae of all pleopods of megalopae were drawn truncated (Figs. 2 and 5). Samples of larvae and the adult female were deposited in the Museo Argentino de Ciencias Naturales ''Bernardino Rivadavia'' under the catalog numbers 35630-34.
RESULTS
The larval development includes four zoeas and a megalopa. Prezoeas were not observed. The mean duration of each zoeal stage at 208C and body measurements of zoeal and megalopal stages are summarized in Table 1 . Morphological features and setation formulae through zoeal development are shown in Table 2 .
Description
Panopeus meridionalis Williams, 1983 Figs. 1-5 Zoea I
Carapace (Fig. 1A ).-Globose, smooth and without tubercles, with conspicuous frontal protuberance. Dorsal spine longer than rostral spine and curved distally. Rostral spine as long as protopod of antenna. Lateral spines prominent. One pair of posterodorsal setae. Minute denticles in the ventroposterior margin. Setae absent from the posterior carapace margin. Eyes sessile.
Antennula (Fig. 1F ).-Uniramous. Endopod absent. Exopod unsegmented, with 3 aesthetascs (2 long and 1 short) and 1 simple seta.
Antenna ( Fig. 2A ).-Protopod well developed, armed distally with strong spines. Endopod absent. Exopod short, with 1 terminal simple seta.
Mandible.-Endopod palp absent.
Maxillule (Fig. 2G ).-Coxal endite with 2 sparsely plumose subterminal setae and 5 plumodenticulate terminal setae. Basal endite with 2 plumodenticulate subterminal setae and 3 plumodenticulate cuspidate terminal setae. Endopod 2-segmented, with 1 sparsely plumose seta in proximal segment and 2 subterminal and 4 terminal, sparsely plumose setae in distal segment. Exopod and epipod setae absent.
Maxilla (Fig. 3A ).-Coxal endite bilobed, with 4þ3 sparsely plumose setae. Basal endite bilobed with 5þ4 plumodenticulate setae. Endopod bilobed, with 3þ5 (2 subterminal and 3 terminal) sparsely plumose setae. Microtrichia on lateral margin of coxal endite, basal endite, and endopod. Scaphognathite with 4 marginal plumose setae and long posterior process. First Maxilliped (Fig. 3F ). Second Maxilliped (Fig. 4A ).-Coxa without setae. Basis with 4 plumose setae. Endopod 3-segmented, with 1 (plumodenticulate), 1 (denticulate), and 5 (1 simple subterminal, 1 denticulate subterminal, 3 plumodenticulate terminal) setae. Exopod 2-segmented, distal segment with 4 long, plumose natatory setae with 1 prominent annulus.
Third Maxilliped.-Not developed.
Pereiopods.-Not developed.
Abdomen (Figs 1A, 5A).-With 5 somites.
Somites 2 and 3 with pair of dorsolateral processes. Somites 3-5 with pair of short posterolateral processes. Pair of posterodorsal setae on somites 2-5. Posterior margin of somites 2-5 with very minute denticles. Pleopods absent.
Telson (Fig. 5A ).-Bifurcated, forks dorsally curved. Branches with 2 lateral spines and 1 dorsal spine. Inner margin with 2 groups of 3 spinulated setae separated by medial sinus.
Zoea II Carapace (Fig. 1B ).-With 2 pairs of anterodorsal setae. Each ventroposterior margin with 1 densely plumose anterior seta and 2 sparsely plumose posterior setae. Eyes stalked. Otherwise unchanged.
Antennule (Fig. 1G ).-Exopod now with 2 long and 2 shorter aesthetascs and 1 simple seta. Otherwise unchanged.
Antenna (Fig. 2B ).-Spinous process now less spinose. Otherwise unchanged.
Mandible.-Unchanged.
Maxillule (Fig. 2H ).-Basal endite with 1 sparsely plumose and 1 plumodenticulated subterminal setae and 1 plumodenticulate and 5 plumodenticulate cuspidate terminal setae. Exopod present as pappose marginal seta. Otherwise unchanged.
Maxilla (Fig. 3B ).-Coxal endite bilobed, with 4þ4 sparsely plumose setae. Scaphognathite with 11 marginal plumose setae. Otherwise unchanged. (Rodrígues, 1997) ; P. occidentalis (Ingle, 1985) ; and P. bermudensis (Martin et al., 1985) . Abbreviations: s, setation; a, aesthetacs; seg, segment; so: somites; nd: not described. 7-7-7-9 7-7-8-11
7-7-8-9
7-7-8-11
6-7-5-7
8-8-8-9
8-9-7-10
Basial 8-8-8-9
7-8-8-9
8-8-7-9
9-8-8-9
5-8-8-7
8-8-8-10
8-8-8-11
7-9-8-9
Basal endite s (zoea I-IV) 9-9-10-13 9-9-10-12 8-9-9-13 9-9-9-13 9-10-10-13
6-8-7-7
9-8-10-13 9-9-10-11
6-7-9-12
Endopod s 6-6-8-9
6-6-8-9
6-6-8-8
6-6-8-10
* The number of spines decrease with each zoeal stage. The postero-lateral processes of zoeal abdomen increase in length with each zoeal stage, but two patterns of growth were observed: the processes reach the posterior margin of the succeeding somites**or do not reach this margin***. # The two minute lateral and one dorsal spines of P. margentus telson were not mentioned in the original description (Rodríguez and Spivak, 2001; Rodríguez and Spivak, unpublished) .
First Maxilliped (Fig. 3G ).-Exopod distal segment with 6 long, plumose natatory setae with 2 prominent annuli.Otherwise unchanged.
Second Maxilliped (Fig. 4B ).-Exopod distal segment with 1 short subterminal and 6 terminal longer plumose natatory setae with 2 prominent annuli. Otherwise unchanged.
Third Maxilliped.-Small buds.
Pereiopods.-Small buds.
Abdomen (Figs. 1B, 5B ).-Posterolateral processes of somites 3-5 longer, reaching half length of succeding somite. Somite 1 with pair of dorsal medial setae. Otherwise unchanged.
Telson (Fig. 5B ).-Posterior lateral spine on each branch of furca reduced. Otherwise unchanged.
Zoea III Carapace (Fig. 1C ).-Each ventroposterior margin with 2 densely plumose anterior setae and 4 sparsely plumose posterior setae. Otherwise unchanged.
Antennule (Fig. 1H ).-Endopod bud present, biramous exopod now with 2 long and 3 shorter aesthetascs and 1 subterminal simple seta.
Antenna (Fig. 2C ).-Spinous process now even less spinose. Endopod bud present (1/6 of protopod length). Otherwise unchanged.
Mandible.-Incipient endopod bud present.
Maxillule (Fig. 2I ).-Coxal endite with 4 plumodenticulate subterminal setae and 4 plumodenticulate cuspidate terminal setae. Basal endite with 5 plumodenticulated subterminal setae and 4 plumodenticulate cuspidate terminal setae. Otherwise unchanged.
Maxilla (Fig. 3C ).-Basal endite bilobed with 5þ5 plumodenticulate setae. Scaphognathite with 19 marginal plumose setae. Otherwise unchanged.
First Maxilliped (Fig. 3H ).-Endopod 5-segmented with 3,2,1,2,6 (2 subterminal, 4 terminal) plumose and plumodenticulate setae. Exopod distal segment with 8 long plumose natatory setae with 3 prominent annuli. Otherwise unchanged.
Second Maxilliped (Fig. 4C ).-Exopod distal segment with 1 short subterminal and 8 longer terminal plumose natatory setae with 3 prominent annuli. Otherwise unchanged.
Third Maxilliped (Fig. 4F ).-With epipod present.
Pereiopods (Fig. 4F ).-Chelipeds bilobed.
Abdomen (Figs. 1C, 5C ).-With 6 somites. Somite 1 with 3 dorsomedial setae. Posterodorsal spines on somites 3-5 now reaching posterior margin of succeding somites. Pleopod buds present but without endopods. Otherwise unchanged.
Telson (Fig. 5C ).-One extra pair of inner setae on mid-posterior margin. Otherwise unchanged.
Zoea IV
Carapace (Fig. 1D ).-With 3 pairs of simple setae between dorsal spine and eyes. Each ventroposterior margin with 3 anterior densely plumose setae and 9 posterior sparsely plumose setae. Otherwise unchanged.
Antennule (Fig. 1I ).-Exopod now with 8 terminal aesthetascs (5 long and 3 shorter), 4 long subterminal aesthetascs and 1 subterminal simple seta with basal simple seta.
Antenna (Fig. 2D ).-Only four spines on distal part of spinous process. Endopod bud longer (1/4 protopod length). Otherwise unchanged.
Mandible.-Endopod bud more developed.
Maxillule (Fig. 2J ).-Coxal endite with 4 sparsely plumose and 3 plumodenticulate subterminal setae and 4 plumodenticulate terminal setae. Basal endite with 2 sparsely plumose and 4 plumodenticulated subterminal setae and 1 plumodenticulate and 5 plumodenticulate cuspidate proximal setae. Basis now with 1 pappose (exopod) and 1 sparsely plumose (epipod) setae. Otherwise unchanged.
Maxilla (Fig. 3D ).-Coxal endite bilobed, with 5þ4 sparsely plumose setae. Basal endite bilobed, with 6þ7 plumodenticulate setae. Scaphognathite with 24 marginal plumose setae. Otherwise unchanged.
First Maxilliped (Fig. 3I ).-Coxa with 2 sparsely plumose setae. Exopod distal segment with 10 long, plumose natatory setae with 3 prominent annuli. Otherwise unchanged.
Second Maxilliped (Fig. 4D ).-Exopod distal segment with 1 short subterminal and 10 longer terminal plumose natatory setae with 3 prominent annuli. Otherwise unchanged.
Third Maxilliped (Fig. 4G ).-Unchanged.
Pereiopods (Fig. 4G ).-Pereiopod segmentation present.
Abdomen (Figs. 1D, 5D ).-Posterodorsal spines on somites 3-5 now exceeding posterior margin of succeeding somites. Pleopod buds more developed, with endopods now present. Otherwise unchanged.
Telson (Fig. 5D ).-One central, additional, seta on mid-posterior margin sometimes present.
Megalopa
Carapace (Fig. 1E ).-Longer than broad. Rostrum ventrally deflected, with 2 lateral spines at base. Surface setose, posterior margin with 2 groups of plumose setae.
Antennule (Fig. 1J ).-Peduncle 3-segmented, with 4,2,2 simple þ 6 long and denticulate setae respectively. Endopod unsegmented, with 2 subterminal and 3 terminal simple setae. Exopod 4-segmented, with 0,8 (arranged in two tiers), 4 (arranged in two pairs) and 4 (arranged in two pairs) aesthetascs, and 0,0,2 and 2 simple setae, respectively. Antenna (Fig. 2E ).-Peduncle 3-segmented, with 3,3,1 setae respectively. Basal segment with lateral spine. Flagelum 8-segmented with 1,0,3,0,3,0,4,4 simple setae, respectively. Mandible (Fig. 2F ).-Palp 3-segmented; 8 marginal plumodenticulate setae on distal segment.
Maxillule (Fig. 2K ).-Coxal endite with 10 subterminal and 5 terminal sparsely plumose and plumodenticulate setae. Basal endite with 11 subterminal sparsely plumose and plumodenticulate and 11 terminal plumodenticulate setae. Endopod unsegmented, with 1 proximal sparsely plumose setae, 2 subterminal and 2 terminal simple setae.
Maxilla (Fig. 3E ).-Coxal endite bilobed, with 8þ6 sparsely plumose setae. Basal endite bilobed, with 6 plumodenticulate and 1 simple (subterminal) setae on proximal lobe and 7 plumodenticulate, 1 sparsely plumose (subterminal) and 1 simple (subterminal) setae on distal lobe. Endopod unsegmented, with 3 marginal plumose setae on outer margin, 1 subterminal sparsely plumose seta and 1 terminal simple seta on inner margin. Scaphognathite with 44 plumose marginal setae and 2 pairs of lateral setae.
First Maxilliped (Fig. 3J ).-Coxal endite with 2 (short) and 3 (longer) subterminal sparsely plumose setae, and 2 subterminal and 4 terminal plumodenticulate setae. Basal endite with 22 subterminal and terminal plumodenticulate setae. Endopod unsegmented, with 4 marginal setae. Exopod 2-segmented, proximal segment with 2 distal plumose setae, distal segment with 5 long and 1 shorter terminal plumose setae. Epipod with 7 long sparsely denticulate setae.
Second Maxilliped (Fig. 4E ).-Coxa and basis not differentiated, with single plumose seta. Endopod 5-segmented, with 2,2,1,6,9 plumodenticulate and plumodenticulate cuspidate setae, as figured. Exopod 2-segmented, proximal segment, with 2 short plumose setae and distal segment with 1 short and 5 longer terminal plumose setae. Epipod bilobed, with 3 sparsely denticulate setae.
Third Maxilliped (Fig. 4H ).-Coxa and basis not differentiated, with 23 sparsely plumose and plumose setae. Endopod 5-segmented, ischium, merus, carpus, propodus, and dactylus with 21,11,7,10,10 sparsely plumose or plumodenticulate setae, respectively, as figured. Ischium inner margin with 2 teeth. Exopod 2-segmented, proximal segment with 1 short, plumose seta, and distal segment with 2 short, simple subterminal setae and 5 long, plumose terminal setae. Coxa-epipod joint indistinct. Lamellate podobranch well developed. Epipod elongated, with 14 sparsely denticulate setae.
Pereiopods (Fig. 5F-H ).-All segments well differentiated. Cheliped (Fig. 5F ) with prominent curved hook on ischium, several irregular teeth on propodus and dactylus, and with setae as shown. Dactylus of pereiopod 2 (Fig. 5G) , 3, and 4 with 3 serrulate ventral and 1 terminal spines. Dactylus of pereiopod 5 (Fig. 5H ) without spines and with 3 long, naked subterminal setae.
Abdomen (Fig. 5E ).-With six somites. Somites, proximally to distally, with 4,14,14, 17,13,6 simple or plumose setae as shown.
Pleopods (Fig. 5I-M ).-Endopods 1-4 unsegmented, with 3 coupling hooks on inner margin; exopods 1-4 with 16,15,14,13 long, Table 4 . Comparison of morphological features and setation formulae of the megalopa of Panopeus species: P. herbstii (Costlow and Bookhout, 1961) , P. meridionalis (this paper), P.
austrobesus (Montú et al., 1988) , P. africanus (Rodríguez and Paula, 1993) , P. margentus (Rodríguez and Spivak, 2001 ), P. americanus (Negreiros Fransozo, 1986), P. rugosus (Rodrígues, 1997) , P. occidentalis (Ingle, 1985) , and P. bermudensis (Martin et al., 1985) . Abbreviations: s, setation; a, aesthetacs; seg., segment; so: somites; nd: not described. ,0,2,0,4,0,4,? 1,0,3,0,3,0,4,4 variable,0,4,3 0,0,4,0,4,0,4,3 0,0,4,0,4,0,4,4 0,0,2,0,4,0,4,4 0,0,3,0,4,0,4,4 0,0,2,0,4,0,4,3 0,0,2/3,0,4,0,4 Endopod (is,me,ca.pr,da) s 10,11,11,7,8 21,11,7,10,10 7,10,8,8 17,11,8,9,9 20,12,7,9,9 nd 18/22,10/13,8,9,8 18/22,5/6,4/5, 5/6,7/8 16/18,4/6,8,7/8 Endopod ischial teeth ,15,15,? 16,15,14,13 12,15,14,12 14,15,14,12 15,15,14,13 14/15,14,13,11 17,16,16,14 15/16,15,16,13/14 nd,nd,13,nd Pleopod, endopod hooks marginal plumose natatory setae, respectively, on distal segments. Uropods (Fig. 5M) without endopods, exopods with 1 plumose seta on proximal segment and 8 natatory setae on distal segment.
Telson (Fig. 5E ).-With 3 marginal plumose setae, 2 pairs of dorsal and 1 pair of ventral setae.
DISCUSSION
Phenotypic similarities among many species of the family Panopeidae are probably a consequence of ''convergence in response to similar life forms or morphological stasis in key characters (pleopods and larvae) between divergent evolutionary lineages'' (Schubart et al., 2000) . The ''extreme morphological similarity'' renders the specific distinction and classification difficult (Martin and Abele 1986) and even ''does not allow ready separation of larvae within or among genera'' (Schubart et al., 2000) .
The larval development of all the Panopeidae species that have been studied to date comprise four zoeal stages and one megalopa. A comparison of morphological features and setation formulae of the larval development of Panopeus species is presented in Tables 3 and  4 . Summarizing, the larvae of P. herbstii, P. austrobesus, P. americanus, P. africanus, P. rugosus, and P. meridionalis share the following mbination of characters: well-developed lateral spines in zoeas; zoeal antenna with long, spinous protopod and reduced exopod with 1 (or 2 in zoea IV) setae; second and third abdominal somites of zoeas with dorsolateral knobs; posterodorsal spines on abdominal somites 3-5 of zoeas well developed, exceding the posterior margin of succeding somites in zoea IV; anterolateral horns on the carapace of megalopae, ischial hook in the chelipeds of megalopae; denticulate spines and long setae on the dactylus of megalopal pereiopods 2-4 and 5, respectively. Panopeus occidentalis also shares many of these characters, but zoea I has two setae in the exopod of the antenna, zoeas II-IV have relatively shorter posterodorsal spines on the abdominal somites 3-5, and megalopae have no anterolateral carapacial horns. In addition, the telsons of P. herbstii, P. occidentalis, P. austrobesus, P. africanus, P. rugosus, and P. meridionalis zoeas have two lateral and one dorsal spines, but the telson of P. americanus has only a dorsal spine (and a small lateral one in zoea I, Negreiros Fransozo, 1986).
However, Panopeus bermudensis and P. margentus are clearly different. Panopeus bermudensis zoeas have neither lateral spines in the carapace, antennal exopod, nor posterolateral abdominal processes, and the basal segment of endopod of first maxilliped is always with three setae (Martin et al., 1985) . Panopeus margentus zoeas have no lateral spines in the carapace, but a protuberance instead; the antennal protopod is smooth, slightly dilated at tip; and the abdominal somites 3-5 have lateral processes that increase their size along with development but cover only part of the following somite in zoea IV (¼ P. occidentalis). Panopeus margentus megalopae have no carapace horns nor the ischial hook of the cheliped (Rodriguez and Spivak, 2001) .
On the basis of DNA comparisons of northwestern Atlantic Panopeidae, Schubart et al., (2000) suggested that the Panopeus herbstii complex and P. occidentalis form a ''strongly supported monophyletic unit'' and that the position of P. americanus on the tree remained unresolved. However, P. occidentalis differs from the P. herbstii complex in two conspicuous characters: the final length of the zoeal posterodorsal abdominal spines (somites 3-5), and the absence of megalopal carapacial horns. Schubart et al., (2000) did not include in their analysis the following species: P. meridionalis and P. austrobesus, both endemic of southwestern Atlantic (Williams, 1983) , P. africanus, endemic and the only representative of the genus in the eastern Atlantic (Rodriguez and Paula, 1993) , and P. robustus, although the northern limit of its geographical range has been established in Florida (U.S.A.) (Rodrigues, 1997) . This study shows that larvae of the Panopeus complex do not have great morphological differences when compared with P. africanus, P. rugosus, and also P. americanus.
Within the Panopeus herbstii complex, it is now possible to compare the larval morphology of P. austrobesus from Brasil and P. meridionalis from Argentina. The main differences between the zoeas are the number of the antennular exopod setae and aesthetascs, number of antennal exopod apical setae, number of maxillular coxal endite setae in zoea IV, number of maxillar coxal and basal endite setae, number of setae of the scaphognathite (zoea III and IV), number of setae of the basis, proximal (zoea I) and distal (zoea III) segments of the endopod, and exopod (zoea III) of the first maxilliped, number of setea of the distal segment of the second maxilliped, and the setation of the abdominal somites. Several other characters (i.e., presence of anterolateral and posterolateral setae on zoeal carapace) were probably overlooked by Montú et al., (1988) . The megalopae differ in the number and distribution of setae in most appendages. All these differences support a possible partition of the complex proposed by Williams (1983) .
